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(57) ABSTRACT 

A capillary Wick for use in capillary evaporators has prop 
erties that prevent nucleation inside the body of the Wick, 
resulting in suppression of back-conduction of heat from 
vapor channels to the liquid reservoir. Use of a central liquid 
?oW channel in the Wick is eliminated, and pore size in the 
Wick is chosen to maximize available pressure for ?uid 
pumping, While preventing nucleation in the Wick body. The 
Wick is embodied With different geometries, including cylin 
drical and ?at. A ?at capillary evaporator has substantially 
planar heat input surfaces for convenient mating to planar 
heat sources. The ?at capillary evaporator is capable of 
being used With Working ?uids having high vapor pressures 
(i.e., greater that 10 psia). To contain the pressure of the 
vaporized Working ?uid, the opposed planar plates of the 
evaporator arc brazed or sintered to opposing sides of a 
metal Wick. Additionally, a terrestrial loop heat pipe and a 
loop heat pipe having overall ?at geometry are disclosed. 
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WICK HAVING LIQUID SUPERHEAT 
TOLERANCE AND BEING RESISTANT TO 
BACK-CONDUCTION, EVAPORATOR 

EMPLOYING A LIQUID SUPERHEAT TOLERANT 
WICK, AND LOOP HEAT PIPE INCORPORATING 

SAME 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] 1. This application is a divisional of US. applica 
tion Ser. No. 09/571,779, ?led May 16, 2000, noW pending. 
The Ser. No. 09/571,779 application is incorporated by 
reference herein, in its entirety, for all purposes. 

INTRODUCTION 

[0002] 2. The present invention relates generally to the 
?eld of heat transfer. More particularly, the present invention 
relates to Wicks for use in loop heat pipe evaporators. 

BACKGROUND OF THE INVENTION 

[0003] 3. There are numerous instances Where it is desir 
able to transfer heat from a region of eXcess heat generation 
to a region Where there is too little heat. The object is to keep 
the region of heat generation from getting too hot, or to keep 
the cooler region from getting too cold. This is a typical 
thermal engineering problem encountered in a Wide range of 
applications including building environmental conditioning 
systems, spacecraft thermal control systems, the human 
body, and electronics. 

[0004] 4. A variety of techniques can be employed to 
achieve this heat sharing effect. These include heat straps 
(simple strips of high conductivity material), closed loops of 
pumped single-phase ?uid, heat pipes, mechanically 
pumped tWo-phase loops, and capillary pumped tWo-phase 
loops. 
[0005] 5. The most advanced and ef?cient concept is the 
capillary pumped tWo-phase loop and the related loop heat 
pipe (LHP). LHP technology has recently been developed 
for spacecraft applications due to its very loW Weight to heat 
transferred ratio, high reliability, and inherent simplicity. 

[0006] 6. An LHP is a tWo-phase heat transfer system. The 
LHP is a continuous loop in Which both the vapor and the 
liquid alWays ?oW in the same direction. Heat is absorbed by 
evaporation of a liquid-phase Working ?uid at the evaporator 
section, transported via the vaporiZed ?uid in tubing to a 
condenser section to be removed by condensation at the 
condenser. This process makes use of a ?uid’s latent heat of 
vaporiZation/condensation, Which permits the transfer of 
relatively large quantities of heat With small amounts of ?uid 
and negligible temperature drops. Avariety of ?uids includ 
ing ammonia, Water, freons, liquid metals, and cryogenic 
?uids have been found to be suitable for LHP systems. The 
basic LHP consists of an evaporator section With a capillary 
Wick structure, of a pair of tubes (one of the tubes is for 
supply of ?uid in its liquid state, and the other is for vapor 
transport), and a condenser section. In many applications, 
the pressure head generated by the capillary Wick structure 
provides suf?cient force to circulate the Working ?uid 
throughout the loop, even against gravity. In other applica 
tions, hoWever, the pressure differential due to ?uid fric 
tional losses, static height differentials, or other forces may 
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be too great to alloW for proper heat transfer. In these 
situations it is desirable to include a mechanical pump to 
assist in ?uid movement. Systems employing such pumps 
are called hybrid capillary pumped loops. 

[0007] 7. In designing LHP evaporators, the art has long 
taught the use of cylindrical geometry, particularly for use in 
containing high pressure Working ?uids, such as ammonia. 
Referring to FIGS. 1-3, prior art evaporators 10, 30, 50 are 
illustrated as having cylindrical geometry, Where a Wick 4 
has a central ?oW channel 2 and is surrounded at its 
periphery by a plurality of peripheral ?oW channels 6. 
Capillary evaporators having a central channel 2 in the Wick 
4 are sensitive to a problem called back-conduction. 

[0008] 8. Back-conduction in capillary evaporators refers 
to the heat transfer due to a temperature gradient across the 
Wick structure, betWeen the vapor grooves 6 in the evapo 
rator and the liquid that is returning to the evaporator in the 
central channel 2. This energy is normally balance by 
sub-cooled liquid return and/or heat eXchange at the hydro 
accumulator in the case of loop heat pipes. Refer to Ku, J ., 
“Operational Characteristics of Loop Heat Pipes”, SAE 
paper 99-01-2007, 29th International Conference on Envi 
ronmental Systems, Denver, Colo., Jul. 12-15, 1999, Which 
is incorporated herein by reference in its entirety. 

[0009] 9. It Would be bene?cial to minimiZe back-conduc 
tion for several reasons. First, decreased back-conduction 
Would permit minimiZation, or even elimination, of liquid 
return sub-cooling requirements. Second, decreased back 
conduction Would alloW the evaporator operating tempera 
ture to approach sink temperature, particularly at loW poWer. 
Third, decreased back-conduction Would alloW loop heat 
pipes to operate at loW vapor pressure, Where the loW slope 
of the vapor pressure curve alloWs small pressure differences 
in the loop to result in large temperature gradients across the 
Wick. Finally, decreased back-conduction Would minimiZe 
sensitivity to adverse elevation. 

[0010] 10. Thus, What is needed is a Wick for use in an 
LHP evaporator that has improved back-conduction perfor 
mance. 

[0011] 11. Aside from any back-conduction consider 
ations, another inherent disadvantage of the cylindrical 
evaporator is its cylindrical geometry, since many cooling 
applications call for transferring heat aWay from a heat 
source having a ?at surface. This presents a challenge of 
hoW to provide for good heat transfer betWeen the curved 
housing of a cylindrical evaporator and a ?at surfaced heat 
source. 

[0012] 12. Typically, the evaporator housing is integrated 
With a ?at saddle to match the footprint of the heat source 
and the surface temperature of the saddle is dependent upon 
the ?n ef?ciency of the design. FIG. 1 shoWs a prior art 
cylindrical evaporator 10 (cross section perspective vieW) 
integrated With a single saddle 20 for mounting to a single, 
?at-surface heat source (not shoWn). Heat energy is received 
via a single heat input surface 22. FIG. 3 shoWs an alter 
native design for a prior art cylindrical evaporator 30 (cross 
section perspective vieW) integrated With a single saddle 40 
that has extended ?ns. Heat energy is received via a single 
heat input surface 42. FIG. 2 shoWs a prior art cylindrical 
evaporator 50 (cross section perspective vieW) integrated 
With tWo saddles 60, 70. Heat energy is received via tWo 
opposed heat input surfaces 62, 72. 
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[0013] 13. For large heat sources, requiring isothermal 
surfaces, multiple evaporators are often required. The num 
ber of required evaporators Would also increase as the 
thickness of the envelope available for integrating the 
evaporator (i.e., the distance betWeen the heat input surface 
22 and the bottom 24 of the evaporator of FIG. 1, or the 
distance betWeen the opposed heat input surfaces 62, 72 of 
the evaporator of FIG. 2) decreases. That is because the 
Width of the cylindrical evaporator is a function of the 
evaporator diameter and the diameter is limited to integra 
tion thickness. Increasing the number of evaporators 
increases the cost and complexity of the heat transport 
system. 

[0014] 14. Capillary evaporators With ?at geometry have 
been devised, Which match a heat source having rectangular 
geometry. Flat geometry eliminates the need for a saddle and 
avoids the inherent thickness restraints currently imposed 
upon cylindrical capillary evaporators. 

[0015] 15. The art of ?at capillary evaporators for use With 
high-pressure Working ?uids teaches use of structural sup 
ports for resisting any deformation forces exerted thereon 
due to the pressure of the Working ?uid. The plates are 
sealed together, Which often requires use of bulky clamps or 
thick plates. Clamps, thick plates and added support mecha 
nisms have the disadvantages of unnecessary Weight, thick 
ness and complexity. 

[0016] 16. US. Pat. No. 5,002,122 issued to Sarraf et al. 
for Tunnel Artery Wick for High PoWer Density Surfaces 
relates to the construction of an evaporator region of a heat 
pipe, having a ?at surface 12 for absorbing high poWer 
densities. Control of thermally induced strain on the heated 
surface 12 is accomplished by an array of supports 14 
protruding through the sintered Wick layer 18 from the 
backside of the heated surface and abutting against a heavier 
supporting structure 16. The sintered Wicks 18 are taught as 
being made from silicon and glass. The supports 14 pro 
truding through the Wick 18 are bonded to the plate 12 to 
provide the necessary support. 

[0017] 17. US. Pat. No. 4,503,483 issued to Basiulis for 
Heat Pipe Cooling Module for High PoWer Circuit Boards is 
directed to a heat pipe having an evaporator section con?g 
ured as a ?at pipe module 22 for attaching directly to 
electronic components 28. This evaporator assembly sand 
Wiches tWo Wicks 36 betWeen tWo opposing plates 34. Refer 
to FIG. 4. Basiulis teaches use of a central separator plate 38 
having bars 40, Which solidly connect the opposing plates 34 
to provide strength and prevent mechanical deformation. 
Refer to col. 3, lines 3-11. 

[0018] 18. US. Pat. No. 4,770,238 issued to OWen for 
Capillary Heat Transport and Fluid Management Device is 
directed to a heat transport device With a main liquid channel 
22 and vapor channels 24, 26, 32, 34 containing Wick 
material 36. The liquid channel 22 and vapor channels 24, 
26, 32, 34 are disposed betWeen ?at, heat conducting plate 
surfaces 14, 16. The plates 14, 16 are separated by ribs 38, 
40, 42, 44 having a thickness that provides structural stiff 
ness. 

[0019] 19. US. Pat. No. 4,046,190 issued to Marcus et al. 
for Flat Plate Heat Pipe relates to ?at plate vapor chamber 
heat pipes having tWo ?at plates 2, 3 sealed together in 
parallel planes. Spacing studs 4 are aligned at regular 
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intervals to provide structural support for the plates 2, 3, as 
Well as to serve as an anchor for metal Wicking 5. 

[0020] 20. US. Pat. No. 4,685,512 issued to Edelstein et 
al. for Capillary Pumped Heat Transfer Panel and System 
discloses a capillary-pumped heat transfer panel having tWo 
plates and a Wick. Each plate has a netWork of grooves for 
?uid communication With a liquid line, and thus has corre 
sponding non-groove portions that form the thick Walls of 
the grooves on the interior surface of the plate. When the 
plates are sealed together, these non-groove portions, Which 
form the Walls of the grooves and have very substantial 
thickness relative to the Wick material, serve the function of 
supporting structures for the assembly. 

[0021] 21. The main disadvantages of support structures 
such as studs, bars, ribs, and the like (i.e., Sarraf et al., 
Basiulis, Marcus et al., and OWen) and bulky Walls (i.e., 
Edelstein et al.) are that they add Weight to the evaporators. 
Flat plate evaporators Without support structures are knoWn 
in the prior art, but are useful only in relatively loW pressure 
systems so as to avoid deformation of the unsupported ?at 
plates, Which Would be the natural result of pressure forces 
exerted by high pressure Working ?uids, such as ammonia. 

[0022] 22. US. Pat. No. 3,490,718 issued to Vary for 
Capillary Radiator teaches capillary type radiator construc 
tion that is ?exible or foldable. This patent discloses an 
embodiment Without use of an intermediate spacer means 
for forming the capillary passages, and thus no separate 
support is provided for the plates of this embodiment. Vary 
teaches, however, that a radiator mechanism based on this 
concept must be in a relatively loW pressure system in Which 
the combined header and vapor pressures remain beloW 
about 10 psia. 

[0023] 23. US. Pat. No. 5,642,776 issued to Meyer, IV et 
al. for Electrically Insulated Envelope Heat Pipe is essen 
tially a heat pipe in the form of a simple foil envelope. TWo 
plastic coated metal foil sheets are sealed together on all four 
edges to enclose a Wick that is a semi-rigid sheet of plastic 
foam With channels cut in its surfaces. The disclosed Work 
ing ?uid is Water, a relatively loW-pressure Working ?uid. 
The Meyer, IV et al. disclosure does not address the issues 
of containment of high-pressure Working ?uids in ?at cap 
illary evaporators. 

[0024] 24. Thus, there is a need for a ?at capillary evapo 
rator that has the structural integrity to accommodate high 
pressure Working ?uids, While avoiding the bulky mass of 
support structures such as ribs or thick Walls. 

[0025] 25. In many terrestrial applications, including elec 
tronics, heat is dissipated from a heat source via a passive 
heat sink, a heat sink aided by a fan, or other conventional 
means. The conventional schemes do not have the loW 
Weight to heat transferred ratio characteristic of LHP tech 
nology. Unfortunately, prior art LHPs have not provided for 
a Way to reduce back-conduction, Which is often large due 
to the hydrostatic pressure caused by height differentials that 
arise in terrestrial applications. The temperature gradient 
across the Wick is directly proportional to the pressure 
difference across the Wick. That is to say, gravity causes 
hydrostatic pressure, Which increases the temperature gra 
dient across the Wick, Which increases back-conduction, and 
high back conduction limits LHP design choices by requir 
ing high-pressure Working ?uids. This excludes Water (a 



US 2003/0178184 A1 

desirable choice) and other loW-pressure ?uids as a practical 
choices for terrestrial applications. 

[0026] 26. Thus, What is needed is an LHP that can operate 
under terrestrial conditions With reduced back-conduction. 

[0027] 27. Prior art LHPs are bulky, With an evaporator 
and condenser that tend to be physically distanced from one 
another. HoWever, these prior art LHP con?gurations are not 
Well suited for applications Where the heat input surface and 
the heat output surface are intimately close to one another. 

[0028] 28. Thus, What is needed is an LHP that is physi 
cally compact With the various components integrated into a 
unitary package. 

SUMMARY OF THE INVENTION 

[0029] 29. It is an object of the present invention to 
provide a Wick for use in an LHP evaporator that has 
improved back-conduction performance. 

[0030] 30. It is a further object of the present invention to 
provide a liquid superheat tolerant Wick that Will reduce 
back-conduction in evaporators regardless of evaporator 
geometry and regardless of Whether the vapor pressure of 
the Working ?uid used is high or loW. 

[0031] 31. It is another object of the present invention to 
provide a ?at capillary evaporator that has the structural 
integrity to accommodate high-pressure Working ?uids, 
While avoiding the bulky mass of support structures such as 
ribs or thick Walls. 

[0032] 32. An object of the present invention is to provide 
a capillary evaporator having a thin-Walled ?at geometry 
With minimal Weight. 

[0033] 33. Another object of the present invention is to 
provide a capillary evaporator having a thin-Walled ?at 
geometry and being suitable for use With both high-pressure 
and loW-pressure Working ?uids. 

[0034] 34. It is another object of the present invention to 
provide a capillary evaporator having a thin-Walled ?at 
geometry and being suitable for use With loW-pressure 
Working ?uids. 

[0035] 35. Yet another object of the present invention is to 
provide a capillary evaporator having a geometry With 
minimal thickness at the heat transfer interface. 

[0036] 36. An additional object of the present invention is 
to provide a capillary evaporator having a thin-Walled ?at 
geometry With minimal temperature difference across the 
heat transfer interface. 

[0037] 37. A further object of the present invention is to 
avoid the need for clamps to hold together the plates of a 
capillary evaporator having ?at geometry. 

[0038] 38. Yet another object of the present invention is to 
avoid the need for a saddle to match the footprint of the heat 
source to a cylindrical evaporator. 

[0039] 39. Still another object of the present invention is 
to provide a lightWeight, ?at capillary evaporator that can be 
easily integrated, at minimal clearance, With a ?at-surface 
heat source. 

[0040] 40. An additional object of the present invention is 
to provide the mechanical strength necessary to hold tWo 
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opposing housing plates of a ?at evaporator to a metal Wick, 
and rely on the tensile strength of the Wick material, so as to 
prevent deformation of the plates. 

[0041] 41. Still another object of the present invention is 
to provide a method for assembling a lightWeight ?at 
capillary evaporator. 

[0042] 42. A further object of the present invention is to 
provide a capillary evaporator having a liquid superheat 
tolerant Wick. 

[0043] 43. An additional object of the present invention is 
to provide a capillary evaporator having etched microchan 
nels as vapor grooves. 

[0044] 44. It is yet another object of the present invention 
to provide an LHP that can reliably operate under terrestrial 
conditions regardless of the vapor pressure of the Working 
?uid. 

[0045] 45. It is still another object of the present invention 
to provide an LHP that is physically compact With the 
various components integrated into a unitary package. 

[0046] 46. The above objects are obtained by a capillary 
Wick that has a structure resistant to back-conduction. The 
Wick has a con?guration that is liquid superheat tolerant. 

[0047] 47. Some of the above objects are obtained by a ?at 
capillary evaporator including a ?rst plate, a primary Wick, 
and a second plate. The primary Wick is sandWiched 
betWeen the ?rst and second plates and is bonded to the ?rst 
and second plates. Optionally, a secondary Wick is also 
included in a liquid manifold, Which facilitates entry of a 
Working ?uid into the primary Wick. 

[0048] 48. Certain of the above objects are obtained by a 
capillary evaporator including a liquid return, plural vapor 
grooves in ?uid communication With a vapor outlet, and a 
Wick. The Wick has a ?rst surface adjacent the liquid return 
and a second surface adjacent the vapor grooves, Wherein 
pore siZe Within the Wick prevents nucleation of a Working 
?uid betWeen the ?rst surface and the second surface. The 
evaporator may have any geometry, including cylindrical, 
?at, etc. 

[0049] 49. Others of the above objects are obtained by a 
?at capillary evaporator that includes a ?rst plate, a second 
plate, a primary Wick sandWiched betWeen the ?rst and 
second plates, and means for preventing substantial defor 
mation of the ?rst and second plates in the presence of vapor 
of a Working ?uid. The means for preventing is embodied by 
the ?rm af?Xation (i.e., bonding) of the plates to the Wick so 
that the plates draW structural support from the tensile 
strength of the Wick. 

[0050] 50. Some of the above objects are obtained by a 
heat transfer device that includes an evaporator. The evapo 
rator includes at least one vapor groove, a vapor manifold, 
and a liquid manifold has a liquid return line. Liquid ?oWs 
into the liquid return line and ?oWs through the Wick Without 
nucleation in the Wick. The heat applied to the heat input 
surface(s) evaporates the liquid and the vapor forms in vapor 
grooves that are machined into the metal housing and/or the 
Wick. 

[0051] 51. While the Wick may optionally have channels 
for liquid ?oW, a signi?cant bene?t of a continuous, liquid 
superheat tolerant Wick is to minimiZe heat conduction from 
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the vapor grooves to the liquid manifold. As a consequence, 
the amount of subcooling required for loop operation is 
minimized. If the Wick has channels for liquid ?oW, a 
secondary Wick is optionally used to supply liquid to the 
primary Wick. The secondary Wick is con?gured to channel 
any vapor returning in the liquid return line to the reservoir. 

[0052] 52. One of the above objects is obtained by a 
terrestrial loop heat pipe that includes an evaporator, a 
condenser, a vapor line, and a liquid return line. The 
evaporator has a liquid inlet, a vapor outlet, and a liquid 
superheat tolerant capillary Wick. The condenser has a vapor 
inlet and a liquid outlet. The vapor line provides ?uid 
communication betWeen the vapor outlet and the vapor inlet. 
The liquid return line provides ?uid communication betWeen 
the liquid outlet and the liquid inlet. The loop heat pipe 
operates reliably in a terrestrial gravitational ?eld. 

[0053] 53. At least one of the above objects is obtained by 
a cooling device for cooling heat generating components. 
The cooling device has a heat sink With a heat receiving face, 
and a loop heat pipe embedded in the face of the heat sink. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0054] 54. Additional objects and advantages of the 
present invention Will be apparent in the folloWing detailed 
description read in conjunction With the accompanying 
draWing ?gures. 

[0055] 55. FIG. 1 illustrates a cross section perspective 
vieW of an example of a prior art capillary evaporator having 
cylindrical symmetry. 

[0056] 56. FIG. 2 illustrates a cross section perspective 
vieW of another eXample of a prior art capillary evaporator 
having cylindrical symmetry. 

[0057] 57. FIG. 3 illustrates a cross section perspective 
vieW of yet another eXample of a prior art capillary evapo 
rator having cylindrical symmetry. 

[0058] 58. FIG. 4 illustrates a perspective vieW of a liquid 
superheat tolerant Wick according to an embodiment of the 
present invention. 

[0059] 59. FIG. 5 illustrates a cross-section vieW of the 
Wick of FIG. 4. 

[0060] 60. FIG. 6, illustrates a cross-section vieW of a 
Wick, according to an embodiment of the present invention, 
along its longitudinal aXis, inside an evaporator housing 80, 
Which shoWs schematically liquid ?oW paths through the 
interior of the Wick body. 

[0061] 61. FIG. 7 illustrates a cross-section of a ?at 
capillary evaporator according to an embodiment of the 
present invention. 

[0062] 62. FIG. 8 illustrates an exploded vieW of a ?at 
capillary evaporator according to an embodiment of the 
present invention. 

[0063] 63. FIG. 9 illustrates a perspective vieW of an 
evaporator/reservoir assembly according to an embodiment 
of the present invention. 

[0064] 64. FIG. 10 illustrates a cross-section vieW of the 
evaporator/reservoir assembly of FIG. 9. 
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[0065] 65. FIG. 11 illustrates a partial cross-section vieW 
of a Wick structure shoWn in FIG. 10. 

[0066] 66. FIG. 12 illustrates an end vieW of the Wick of 
FIG. 11. 

[0067] 67. FIG. 13 illustrates a detail vieW of the Wick of 
FIG. 11. 

[0068] 68. FIG. 14 illustrates a plan vieW of an LHP 400 
according to an embodiment of the present invention. 

[0069] 69. FIG. 15 illustrates a perspective vieW of a 
cooling assembly, Which incorporates an LHP according to 
an embodiment of the present invention. 

[0070] 70. FIG. 16 illustrates a cross-section vieW of the 
cooling assembly of FIG. 15. 

[0071] 71. FIG. 17 illustrates another cross-section vieW 
of the cooling assembly of FIG. 15. 

[0072] 72. FIG. 18 illustrates graphical performance 
curves for a Working eXample of a ?at plate evaporator 
according to an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0073] The Wick Aspects of the Invention 

[0074] 73. An evaporator Wick embodied according to the 
present invention is resistant to back-conduction of heat 
energy. Another aspect of a Wick embodied according to the 
present invention is liquid superheat tolerance. 

[0075] 74. TWo factors signi?cantly affect hoW much 
back-conduction occurs through the Wick of a capillary 
evaporator: (1) the temperature gradient betWeen the vapor 
grooves and the liquid return, and (2) the thermal resistance 
betWeen the vapor grooves and the liquid return. Back 
conduction decreases With a decreasing temperature gradi 
ent. Back-conduction increases With a decreasing thermal 
resistance. Thus, minimiZing the temperature gradient across 
the Wick and increasing the thermal resistance of the Wick 
reduce back-conduction. 

[0076] 75. Reducing the temperature gradient across the 
Wick is obtained by preventing nucleation from occurring in 
the liquid return central ?oW channel 2 and in the Wick 4. 
One factor in preventing bubble formation in the Wick is to 
ensure that the Wick is Without signi?cant variations in pore 
siZe, i.e., that the Wick is homogeneous. Furthermore, liquid 
superheat tolerance is promoted by selection of a pore siZe 
small enough to prevent nucleation of superheated liquid 
?oWing through the Wick from the liquid return to the vapor 
channel. Additionally, elimination of the central ?oW chan 
nel 2 also reduces the temperature gradient. This alloWs the 
liquid ?oWing from the liquid return through the Wick to the 
vapor grooves to superheat, making the Wick liquid super 
heat tolerant. The property of liquid superheat tolerance 
implies that nucleation is effectively suppressed. 

[0077] 76. The pore siZes may be uniform (i.e., homoge 
neous) across the Wick material, or alternately, the pore siZes 
may be graded across the Wick (e.g., according to the 
localiZed pressure Within the Wick). 

[0078] 77. Increasing the thermal resistance betWeen the 
vapor grooves and the liquid return is achieved by selecting 
a Wick material having a loW thermal conductivity, and/or by 
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creating longer conduction paths. In the prior art Wicks 
having a central ?oW channel 2 (refer to FIGS. 1-3), the 
back-conduction path is radially through the Wick 4. As the 
diameter of the central ?oW channel 2 is reduced, the 
back-conduction path length increases, thereby increasing 
thermal resistance. By eliminating the central ?oW path 2 
altogether, the return liquid is forced to How axially along 
the Wick. Forcing axial ?oW signi?cantly increases path 
length, and consequently increases thermal resistance. 

[0079] 78. Thus, by removing the central liquid ?oW 
channel 2, to create a liquid superheat tolerant Wick, back 
conductance is also decreased by increasing the thermal 
resistance. 

[0080] 79. One aspect of a Wick according to the present 
invention is pore siZe selection to promote nucleation sup 
pression. Another aspect of a Wick according to the present 
invention is a loW thermal conductive path betWeen the 
vapor channels and the liquid return line to minimize 
back-conduction. Still another aspect of a Wick according to 
the present invention is a small pore siZe to promote a high 
capillary pumping pressure. Yet another aspect of a Wick 
according to the present invention is high permeability for 
loW pressure drop across the Wick. Afurther aspect of a Wick 
according to the present invention is high tensile strength for 
containing high-pressure Working ?uids. 

[0081] 80. Not all of the above-mentioned characteristics 
need necessarily be present in each embodiment to obtain 
the objects of the present invention. In fact some are 
trade-offs With respect to one another to a certain degree. 
Altering one aspect to favor performance often has an 
adverse effect on another aspect. For example, decreasing 
Wick pore siZe often decreases permeability so that the 
additional pressure drop inside the Wick offsets, at least 
partially, the increasing in capillary pumping pressure. Good 
performance is established by selecting the pore siZe that 
provides the maximum available pressure drop exterior to 
the evaporator for a given evaporator design. The maximum 
available pressure drop exterior to the evaporator, APAVAIL 
ABLE, is de?ned according to the relation 

AP'AVAILABLE=A13CAPILI_.ARY_AI:.DROPJ 

[0082] Where APCAPILLARY is the capillary pressure rise 
across the Wick and APDROP is the pressure drop across the 
evaporator. Adetailed example of pore selection is described 
beloW. 

[0083] 81. A Wick embodied according to the present 
invention is useful in a Wide range of capillary evaporators. 
It is bene?cial for evaporators of diverse geometries, includ 
ing ?at and cylindrical. It is bene?cial for evaporators that 
require the Wick be made from diverse materials, including 
non-metalic Wicks (e.g., polymeric, ceramic) and metal 
Wicks. Additionally, a Wick embodied according to the 
present invention is useful With a Wide variety of Working 
?uids (Water, ammonia, butane, freons, etc.), including those 
that have a loW vapor pressure and those that have a high 
vapor pressure. 

[0084] 82. Another example of altering Wick properties to 
favor performance With an adverse effect on another prop 
erty is to increase Wick tensile strength by using metal Wicks 
instead of plastic Wicks for high-pressure ?uids. This mate 
rial change increases the Wick’s thermal conductivity and, 
thus, the back-conduction betWeen the vapor channels and 
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the liquid return is increased. One Way to reduce the effect 
of increased Wick thermal conductivity is to use a Wick 
having properties that strongly favor liquid superheat toler 
ance. 

[0085] 83. A liquid superheat tolerant Wick is de?ned as a 
continuous Wick structure having a suf?ciently small pore 
siZe along the liquid ?oW path, so as to permit stable 
operation With superheated liquid in the Wick, and not alloW 
nucleation along the liquid ?oW path. Nucleation occurs at 
pores Where bubbles larger than the critical bubble radius 
can exist. Methods for determining the appropriate pore siZe 
required for nucleation to occur are discussed in RohsenoW, 
W. M. and Hartnett, J. P., eds. “Boiling” in Handbook of 
Heat Transfer, Ch. 12, (McGraW-Hill 1973), Which is incor 
porated herein by reference in its entirety. The degree to 
Which the liquid is superheated is de?ned as the difference 
betWeen the temperature of the liquid and the local satura 
tion temperature. Changes in the local saturation tempera 
ture correspond to changes in local pressure due to liquid 
?oW through the Wick. 

[0086] 84. A nucleation suppressant Wick is not limited to 
a homogenous Wick or a Wick of strictly uniform properties. 
For example, a graded porosity Wick can provide nucleation 
suppression, provided that the grading does not permit the 
local pore siZe to exceed the critical bubble radius of the 
superheated liquid. Wicks With internal channels larger than 
the critical bubble radius are also nucleation suppressant 
provided that the channel is not part of the liquid ?oW path 
through the Wick. A nucleation suppressant Wick can be 
made of metallic or non-metallic materials. 

[0087] 85. Referring to FIGS. 4 and 5, a liquid superheat 
tolerant Wick 90 according to an embodiment of the present 
invention is illustrated, Which is designed to alloW stable 
evaporator operation With superheated liquid in the evapo 
rator Zone for the purpose of reducing back-conduction. The 
liquid superheat tolerant Wick 90 is continuous in the liquid 
?oW direction, With suf?ciently small pore siZe to prevent 
nucleation of superheated liquid inside the Wick during 
operation. An important distinction betWeen a liquid super 
heat tolerant Wick 90 and Wicks according to the prior art is 
that the central ?oW channel is eliminated to promote 
nucleation suppression. The face 94 Where liquid enters the 
Wick 90 has no central channel bored therein. This liquid 
superheat tolerant con?guration minimiZes Wick back-con 
duction from the vapor grooves 92 to the liquid inlet. The 
Wick 90 has vapor grooves 92 but no central ?oW channel. 

[0088] 86. Alternately, vapor grooves may be machined 
into either the Wick (as is shoWn in FIG. 4) or into the 
evaporator Wall (as is shoWn in FIGS. 1-3). 

[0089] 87. Referring to FIG. 6, a schematic diagram (a 
cross-section vieW of the Wick along its longitudinal axis, 
inside an evaporator housing 80) illustrates liquid ?oW paths 
(broken lines) through the interior of the liquid superheat 
tolerant Wick body 98 from the face 94 Where liquid evapo 
rates into the vapor grooves 92. This schematic vieW is 
simpli?ed (to provide clear illustration) in that it does not 
portray certain preferred liquid return mechanism informa 
tion (refer to FIG. 10, for example, for more details on these 
aspects of the preferred embodiment). 
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[0090] The Flat Capillary Evaporator Embodiment 

[0091] 88. According to one embodiment of the present 
invention, an evaporator for use in an LHP is con?gured in 
a ?at geometry that is compatible With choosing a high 
pressure Working ?uid. 

[0092] 89. A ?at evaporator is con?gured to mate conve 
niently With the ?at surfaces that are common to heat 
generating devices. In order to keep the ?at sides of the 
evaporator from bulging out due to the vapor pressure 
exerted by the vaporiZed Working ?uid, a continuous Wick is 
employed. By bonding the ?at sides of the evaporator to the 
Wick, the tensile strength of the Wick holds the sides in and 
keeps them from deforming outWardly. 

[0093] 90. An important aspect of this embodiment is that 
the evaporator need not be strictly “?at” but, rather, is 
capable of being formed in a thin geometry that is curved or 
irregular. The shaping of the “?at” evaporator embodiment 
into non-?at con?gurations is a matter of convenience to 
provide good thermal coupling to heat source surfaces that 
are curved or irregular. In other Words, the ?atness of the ?at 
capillary evaporator is not essential to the invention; it is 
simply a convenient shape for purposes of description. 

[0094] 91. Referring to FIG. 7, an evaporator 100 accord 
ing to a preferred embodiment is shoWn as having tWo 
substantially planar opposing plates 102, 104, each having 
vapor grooves 106. The plates 102, 104 are typically formed 
of stainless steel and are bonded to a metal Wick 108 by a 
bond 110, for the purpose of using the strength of the Wick 
108 for pressure containment. The bond 110 may be formed 
by sintering or braZing. The bond 110 runs the length of the 
plates 102, 104. 

[0095] 92. According to alternative embodiments, rather 
than forming the vapor grooves 106 in the plates 102, 104, 
the vapor grooves 106 are formed in the Wick 108 adjacent 
to Where the Wick 108 is bonded to the plates 102, 104. As 
another alternative, vapor grooves are formed both in the 
plates 102, 104 and in the Wick 108. 

[0096] 93. Bonding is a broad class of joining techniques, 
of Which sintering and braZing are preferred. Sintering is 
application of pressure beloW the applicable melting tem 
perature over a suf?cient time period for bonding to occur. 
It is preferably done in a reducing atmosphere to avoid 
formation of oxides. See Marks’ Standard Handbook for 
Mechanical Engineers, Avallone, Eugene and Baumeister 
IInI, Theodore, editors, pages 13-22, 13-23, (McGraW-Hill, 
9 ed. 1987). In braZing, coalescence is produced by heating 
above 450° C. but beloW the melting point of the metals 
being joined. A?ller metal having a melting point beloW that 
of the metals being joined is distributed in the interface 
betWeen the plate and the Wick by capillary attraction. Id. at 
page 13-41. Of course, the invention can be practiced using 
other bonding schemes, including diffusion bonding or 
chemical bonding. 

[0097] 94. The metal Wick is selected for its tensile 
strength based upon the desired Working ?uid, preferably 2.5 
times the vapor pressure of the Working ?uid at the designed 
maximum operating temperature. System geometry also 
plays a part. The Wider the vapor grooves are With respect to 
the spacing betWeen the vapor grooves, the higher the tensile 
strength of the Wick material needs to be. That is because 
Wider vapor grooves means there is less surface area of the 
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plates (betWeen the vapor grooves) to be bonded to the Wick. 
Of course, When the Working ?uid chosen is a loW pressure 
?uid, then there is no requirement for signi?cant tensile 
strength in the Wick for structure support. Thus, non-metallic 
Wick material is appropriate for use With loW pressure ?uids 
in the ?at capillary evaporator. 

[0098] 95. A liquid manifold 112 is af?xed at one end of 
the Wick 108, and a vapor manifold 114 is disposed at the 
opposite end of the Wick 108. The direction of ?uid ?oW 
through the Wick 108 and vapor grooves 106 is from the 
liquid manifold 112 to the vapor manifold 114. 

[0099] 96. According to the preferred embodiment illus 
trated in FIG. 7, liquid manifold 112 encloses a liquid return 
line 116 (e.g., a bayonet liquid return line) and a secondary 
Wick 118 formed of Wick mesh, or other Wicking material. 
The secondary Wick 118 is not required for loop orientations 
Where the liquid from the hydro-accumulator is gravity fed 
to the evaporator. The secondary Wick is designed so that 
vapor vent channels 128 are formed betWeen the Wick 108 
and the hydroaccumulator (i.e., liquid manifold 112). For 
purposes of clear illustration, this schematic vieW is simpli 
?ed in that it does not portray certain preferred liquid return 
mechanism information (refer to FIG. 10, for example, for 
more details on these aspects of the preferred embodiment). 

[0100] 97. Referring to the exploded diagram of FIG. 8, a 
plate/Wick assembly 202 is formed by the combination of 
the Wick 108 sandWiched betWeen, and bonded to, the plates 
102, 104. The plate/Wick assembly 202 is ?ush on the three 
sides adjacent the liquid manifold 212 and the side bars 204, 
206. The plates 102, 104 both extend beyond the Wick 108 
to form overhangs 208, 210 on the side adjacent the vapor 
manifold 214. The length of the overhangs 208, 210 are 
preferably in the range of about 0.03 to about 0.04 inches. 

[0101] 98. The vapor manifold 214 has a semicircular 
cutout Where the diameter is approximately equal to the 
thickness of the Wick 108. The liquid manifold 212 also has 
a semicircular cutout Where the diameter is approximately 
equal to the thickness of the Wick 108. A pair of side bars 
204, 206 are af?xed to opposing sides of the plate/Wick 
assembly 202 and opposing ends of the manifolds 214, 216. 
As a result, the Wick is completely enclosed by the upper and 
loWer plates 102, 104, side bars 204, 206, and the manifolds 
214, 216. 

[0102] 99. Operation of the ?at capillary evaporator 
according to this embodiment Will noW be explained. 

[0103] 100. The housing of the ?at capillary evaporator 
(refer to FIG. 7) has a pair of opposed, substantially ?at 
exterior surfaces 120, 124 de?ned by the surfaces of the 
plates 102, 104 Which are opposing the respective interior 
surfaces 122, 126 that are bonded to the Wick 108. Heat is 
applied to the exterior surfaces 120, 124, Which evaporates 
the Working ?uid Within the housing, primarily near the 
vapor grooves 106. The vaporiZed Working ?uid escapes 
through the vapor grooves 106 and then exits the evaporator 
100 through the vapor manifold 114. 

[0104] 101. The plate/Wick assembly 202 may be embod 
ied variously by being formed of a combination of materials 
that are selected based on a number of considerations, 
including: 

[0105] Suitability for bonding (e.g., sintering or braZ 
ing); 












